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ABSTRACT

Castern hellbenders, Cryptobranchus alleganiensis alleoanionsis, were collected
from the Big Piney, Gasconade, and Niangua Rivers. Total length and mass
measurcments were taken for comparison with historical data from the same rivers.
There have been substantial declines in the numbers of hellhenders captured from each
river. Hellbenders from the 1998 samples were larger on average than historical
individuals. This increase in size appears to be due to reduction of smaller size classes.
Avcerage body conditions have changed, but not consistently. More work is needed to

determine the status of hellbenders is Missours.
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INTRODUCTION

During the first International Herpetological Congress, held in Canterbury
bngland m 1989, many researchers from around the world reported declines in amphibian
study populations (Wyman, 1990). The declines appear to have begun almost
simultaneously across the globe in the 1970°s (Bartnaga, 1990). However, some of the
declining populations, such as the golden toad (Bufo periglenes) of the Monteverde cloud
forest in Costa Rica and the gastric brooding toad (Rheobatrachus silus) of Australia, are
In “pristine” areas (Blaustein and Wake. 1990). The main cause of decline in amphibian
populations is habitat destruction (Griffiths and Beebee, 1992; Walls et al., 1992). There
1S no apparent single global cause for declines not directly related to habitat destruction.
Declining and non-declining populations can co-occur making determination of causes

more ditficult.

The declines of amphibian populations are a cause for concern for two major
reasons. I'wst, amphibians are important as both predator and prey 1n many habitats, so
decreases in amphibian populations may have wide rangtng effccts across the food web.
The biomass of salamanders in the Hubbard Brook experimental forest, New Hampshire,
s greater than that of birds during peak breeding season and approximately equals that of
mice and shrews (Burton and Likens, 1975). Second, Amphibians have moist permeable
skin (Duellman and Trueb, 1994), which provides little barrier to harmful agents in their
environment (Barinaga, 1990; Blaustein and Wake, 1990). Moreover, manv taxa have

complex life cycles with both aquatic and terrestrial phases (Duellman and Truzb. 1994,
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these characteristics amphibians may be good 1ndicators of habitat degradation (Phillips,

1990; Wake 1991). The amphibian declines may represent the first stage of a declining

ecosystem (Barinaga. 1990; Wyman, 1990).

Beyond the obvious influence of habitat destruction, amphibian declines may be
caused by global climatic change, potlution, ultraviolet radiation, and habitat
.l"ragmentation (Wyman, 1990). Apparent regional and species-spectfic effects
complicate determination of the causc of amphibian decline. Urbanization of Tampa
Palms, Florida appears to have eliminated four species of frog from the area, but some
species are doing better within the urbanized areas (Delis et al., 1996). Carey (1993)

suggests that environmental stresses coupled with low temperatures could suppress

r

amphibian immune systems leading to increased disease. Current levels of UV light do
not appear to be high enough to be the lone causative factor (Licht and Grant, 1997).
However, “normal” levels of UV-B radiation do adversely affect salamander egg survival
(Blaustein et al., 1995) and there 1s a correlation between UV resistance and population
status 1n field studies of anurans (Blaustein et al., 1994b). A pathogen appears to be the
causative factor in anuran decline in North Queensland (Trenerry et al., 1994).

Pechmann et al. (1991) tound that the declines 1n species studied at Rainbow Bay, South

Carolina could be explained as natural fluctuations.

One major problem in the debate about amphibian declines is the lack of long
term studies. One possible explanation of the apparent decrease in amphibian

populations is that the decrease is the result of natural population cycles (Pechmann et al.,
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[991). Most amphibian studies last only a few years and none last more than one or two

turnovers of the study population (Blaustein et al., 1994a). 'The natural amount of long
lerm fluctuation in amphibian populations has not been well documented and it is
possible that cyclical declines may not be unusual (Pechmann and Wilbur, 1994).
However, Pounds et al. (1997) found that amphibian declines in the Monteverde cloud
torest of Costa Rica were greater than expected by chance and amphibian declines were
grealer than the decline 1n birds during the same five-year period. Long term studies are
essential to determine whether amphibian populations are suffering unusual declines

(Blaustewn et al., 1994a). This study examines

Bt

long-term (201 years) changes in
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population characteristics of one species of salamandecr, the hellbender (Cryprobranchus

allegunicensis alleganiensis).
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The salamander family Cryptobranchidae has two living genera: Andrias, which
lives in Asia and Japan, and Cryptobranchus, which lives in the central and eastern
United States. Cryprobranchus has one specics, C. alleganiensis, with two subspecies:
alleganiensis and bishopi (Nickerson and Mays, 1973). The eastern hellbender
(Cryptobranchus alleganiensis alleganiensis) 1s native from southern New York to

northern Georgia west through Tennessee and the Ohio River Valley and in north flowing

rivers of Missour1 (Nickerson and Mays, 1973; Peterson et al., 1989). Eastern

hellbenders 1n Missour: are found in the Big Piney, Gasconade, Meramec, and Niangua
rivers. Quistde of Missourt, eastern hellbenders have been found in the Little Pigeon

river in Tennessee (Fitch, 1947), Big Walker Creek in Virginia (Fauth et al., 1996), the
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New York portion of the Susquehanna river drainage (Soule and Lindberg, [994), and the

Wabash river of [llinois (Brandon and Ballard, 1994).

Hellbenders have dorso-ventrally flattened bodies with laterally compressed tails.
They are covered by a loose wrinkly skin, forming folds along the sides of the body and
posterior sides of the limbs. They have large mouths and small eyes, and are a dull
brown with conspicuous black spots and less conspicuous yellow spots scattered across

the dorsal and lateral surfaces. Older animals tend to be a greenish or reddish brown

(Smuith, 1907).

Hellbenders arc habitat specialists preferring shallow, swift-flowing water with
rocky bottoms (HMillis and Bellis, 1971: Smith, 1907; Williams et al., 1981). The rocky
bottoms provide ample diurnal hiding places for these primarily nocturnal animals
(Fobes, 1995; Smith, 1907). Hellbenders use both pulmonary.and cutaneous respiration

AN s vy = g

(Nickerson and Mays, 1973), but primarily respire cutaneously (Guimond and Hutchison, -
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1973)./ Cold swift-moving water is an important habitat requirement, possibly because i1t
carries more oxygen, allowing more cfficient cutaneous gas exchange (Guimond and

Hutchison, 1976).

With their cryptic coloration, hellbenders appear to be sit-and-wait predators, and
large rocks may be important resources because they provide sites from which prey can
be ambushed. Their primary prey.are crayfish-(Smith, 1907) with small fish rating

second (Peterson et al., 1 989).-"""!These two taxa combined make up approximately 90




percent Of the dlet ofhcllbender% (Peterson, ct at., 1989). Snails and other small aquatic
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invertebrates are occasionally eaten (Peterson ct al., 1989; Wiggs, 1976), and hellbenders

sometimes eat the eggs of conspecifics (Smith, 1907).

Helibenders grow rapidly as juveniles and more slowly as they get older (Peterson.
ctal., 1983; Taber et al, 1975) and populations are dominated by older, larger individuals

- {Peterson, 1979). Hellbenders metamorphose at about 18 months ~of age at a total length

T
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(IL) of about 125mm (Bishop, 1941). Males and females grow at similar rates (Peterson

et al., 1983), although females tend to be slightly larger at a given length (Taber et al.,
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1973). Mean growth rates indicate long,ew ity C\C(.,Cdlllff 20 (Petelson 1979) to 30 years
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(Taberetal., 1975).

Hellbender home ranges vary in size and overlap. Hillis and Bellis (1971) found

e e Y At e o

helibendcr homeranges to be ap_p1‘9x_ix}’ﬂ1at.el'}j 100-200 m”. Coatney (1982) found mean
home range sizes of about 99 m” for females and 83 m” for males. Peterson and
Wllkmbon (1996) fqup_d average homc range bléCb of’)8 m” for fcmalcs and 81 m’ for
mg’}es. The same rock can be used as a shelter by several different individuals, although
not at the same time. Active defense appears limited to a shelter defense. More than one

hellbender 1s rarely found under the same rock, except when they breed in the late

suminer through early winter (Peterson and Wilkinson, 1996).

During the breeding season, hellbenders congregate during the day in groups of

six to twelve (Smith, 1907). Fertilization is external; the female deposits the eggs in the

(-
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Fig 3: Comparison of total number of individuals captured per day in the Niangua River for
all studies from which data were available. No statistical comparison was made.
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nest, either under a cover object, such as a large rock (Smith, 1907) or in a crevice in the
river’s bank (Nickerson and Tohulka, 1986). The male remains with the eggs providing
protection, but it is uncertain whether the male is directly protecting the eggs or

defending the nesting spot for another female (Smith, 1907).

Hellbenders are endangered and the major threat 1s the disruption of their habitat
(Williams et al., 1981). Hellbenders are expericncing rapid shrinkage of their range in
the Ohio and the lower Wabash valleys due to human moditication of stream habitats
(Smith and Minton, 1957). Dynamiting large boulders out of rivers to save canoe renfcrs
money may reduce the number of hellbender nesting sites in Missour1 (Nickerson and

Mays, 1973).

Extensive data on age structure, body condition, and distribution were collected 1n

= VRN e =

tl}e 1970°s and 1980°s (Merkle et al., 1977; Peterson, 1987; Peterson et al., 1988; Taber et
al.. 1975). ' I ”S;ampled t.he same rivers that were previously censused and compared data
from 1998 to the historical data Specit_ically, [ compared data for 1998 and historical
populations with respect _t‘{;(l).zd'.e‘ilsity, (2) Size distributions, and (3} body condition.
Comparisons between recent and past p.O“I.).‘;ﬂatiOIlS of hellbenders in Missouri will assist

in development of conservation methods and may help shed some light on amphibian

declines.
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METHODS

Eastern hellbenders were sampled from the Big Piney, Gasconade, Meramec, and

Niangua rivers from May through September 1998. Each river was {loated by canoe
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and/or spot-checked by driving to river access points. All “likely” (Fobes, 1995) S1tes

were sampled for hellbenders; a likely spot was defined as a shallow, 1-2 meter deep.

section of river with a rocky bottom and swift current. There were 13 sample sites in the

Big Piney between Boiling Springs and Rennick’s Resort. The Gasconade River was
sz,unpied 10 times between Hartville and Jones Creek. The Meramec River was sampled
10 times between the Missouri Department of Conservation (MDC) Woodson K. Woods
Wildlife Area access and the MDC Riverview public access. The Niangua River was
sampled 20 times between Bennett Spring and Bird Island. slightly upstream of Lake
Niangua. [ took care to sample the same sites as previous studics when possible, but 11

many cases previous sample sites had become unsuitable because the bottom of that

section of river had been silted in or the riffle had become a pool.

At each site, the upstream ends of rocks were rolled slowly with the collector
positioned downstream. Masks were used to aid visibihty. EXfposc._d hellbenders were
caught by hand and placed in mesh bags. Each individual was measﬁféd '.for total length
(‘1L.) to the nearest millimeter on a standard fish board and mass to the 1lezﬁ'est gram using
an Ohuas 1.82000 portable electronic balance. Individuals were not anesthetized because
stress resulting from the measuring technique was minimal. TL was used because there
is a linear relationship between snout-vent length and 1L 1n hellbenders and 1t 18 more

precisely obtained, due to the shape of the animals (Taber et al., 1975). The bulk of a




Y L, e - ——— e

- — .

r
v
1
i
1
1
1
i

Mann-Whitney U-Tes
p < 0.0001

-~

- yo——

o e =
: N
: X

:

H

&

7

e

=roe

fal ol o LU rilde 4

. AV
o S sse iy
PN g A v,
. L N

Total Length (mm)

b

L

¢

B

v

I

‘¢

HS

. E

g g

i .
n

: 4

i y
F

qeeym s cmas go

e lyghey gyt empmes

-

IR T

| Mann-Whitney U-Test T
p < 0.0001

Ay sy s grme

000 -

WAL W e e,

.~

"I\.‘ AT
AarAd vean 1w

Vapd ilysiula

oo ¢33,

e AS AN 3ty

SRR
AN

WNLNE Lan.
b op AN Aty el A
- ehe T s At
R TR R
Cedvel iU NS
CATINLL P Py VN AVYL SN . Ve
R e e A S A O Y

N3 AU os gml b
RS P S NP L )

e lmis o Mees w0 S s semene

. . o P RN
@) “
25
Ed
&
' N &
1 P
- ¥
o
b w o K ¥4
. — - %, .
! w $3 00
S
: 4 aun
; ‘ (O ¥
; iX
;',':y ]
4 A
. ' v \: g
b : < ¢
N i 3
. <“] ]
' ~ .
. A .
. (54 '
. G H
e N
) oo
: Ség:- [ .
' s 23 :
2 W # R X . :
= ST 3
“ g X S .
x Tt A . .
. IORLE
- w}ﬁ,'& /%
- wy - -
PR
[ u,g %.
\i’,)Q 2t
] din S
R - . .
B " o ¢ o, .
T ':. .
-t
- 9 .
. "
i
: 3
i -
.. - :
| :
H - -
: R A .
: oL H
I ety 3o 2w, T
' PR LR bl -
: ——
: e - -
i -
- - -~

1)
|

Date Sa—=z ==

; ig 4: Comparison of mean total lengths ard ~zsz22 27 "<
from both 1998 and historical samzg'as ~ 372712 ==
were taken in 1978, 1980, 1981. 2z "z2_ =7 17 I'w

.




hellbender makes it difficult to measure snout-vent length unless the ammals are jain on

therr backs which conscious hellbenders resist strongly. Sex was determined when
possible (during the breeding season); males have a swollen ring around the cloaca and
fernales have a swollen abdomen (Nickerson and Mays, 1973). Individuals were released
unharmed at the site of capture. Individuals were not marked in this study to save time

and because 1 did not anesthetize the animals captured.

Historical data (length, mass, and sex) were taken trom the records of Robert
Wilkinson and Chris Peterson (pers. comm.). Table 1 summarizes tume and location of

historical data.

Table 1: Time and location of historica_l_ dat_a.

S o e s s — e — o — N "

River Date
Big Piney | 1978, 1980. 1981, 1982
(Gasconade 1978, 1980, 1981, 1982 |
Meramec [ None

Niangua 1971, 1972, 1973,

( 1979, 1980, 1986,

1988, 1989, 1990,

1991, 1992, 1993,
1994, 199

Each individual was included only once in the data analyses to maintain statistical
independence. Individuals from the historical data set recaptured in 1998 were only
included in the 1998 sample. Data for mass were not available for some individuais in

the historical data sets.

Body condition was based on measurements of length and mass. The cubed root

of mass was regressed against TL for all hellbenders. The cubed root of mass was used
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instead of mass to standardize variances and create a more linear relationship between

leneth and mass. The resulting residuals were then compared between historical and

1998 samples. Oaly males were used for the body condition calculations because TL to

mass ratios for females change when they produce eggs during the breeding season.

Data for each river were analyzed separately. Non-parametric tests were used for
most statistical comparisons because the 1998 data tfailed to mecet assumptions of
parametric statistics. Historical and 1998 mean lengths and masses were compared using
Mann-Whitney U-tests. Kolmogorov-Smirnov tests were used to compare historical and
1998 tength frequency distributions. Body conditions were compared using Mann-
Whitney U comparisons of the residuals from regressions for recent and historical males.
Regressions and Mann-Whitney U-tests were performed using MINITAB sottware.
Kolmogorov-Smirnov tests were performed by hand using formulas from Sokal and
Rohlf (1995). All statistical tests were two-tailed. The Meramec River was not used 1n

these analyses because of small sample s1ze (n = 2).
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individuals (Mann-Whitney U-test: W= 131744.5, p <0.0001, Fig. 4). The size class

——

distributions were significantly different, with relatively fewer individuals 1n the smaller

size classes (Kolmogorov-Smirnov: D =0.4567, p <0.0001, Fig. 5). Males from the 19938

sample were in better condition than historical males (Mann-Whitney U-test: W =

10388.0, p = 0.0001, Fig. 6)

Gasconade River

Of the 33 hellbenders captured in 1998, 10 individuals had legible brands from
1980 to 1981, and three others were branded previously but the numbers were illegible.
The mean length of 1998 individuals was greater than that of the 379 historical
individuals (Mann-Whitney U-test: W = 75800.0, p = 0.0002, Fig. 7). 'The mean mass of
1998 individuals also was greater than that of 351 historical individuals (Mann-Whatney
U-test: W = 65458.5, p = 0.0005, Fig. 7). The size class distributions were significantly
different, with relatively fewer individuals in the smaller size classes (Kolmogorov-
Smirnov: D = 0.3104, p =0.0038, Fig. 8). Although there was no signmificant difference
between the body conditions of 1998 and historical males (Mann-Whitney U-test: W =
8066.0, p = 0.6206, Fig. 9), the statistical power of this comparison is low due to the

small namber of 1998 animals (n = 8).

Niangua River

Initial analyses used three data sets: 1970°s (1971, 1972, 1973, 1974), 1980°s
(1979, 1980, 1986, 1988, and 1989) and 1990’s (1990, 1991, 1992, 1993, 1994, 1997,

and 1998). There was a significant difference between groups for TL (Kruskal Walis:




RESULTS
Density

Population densities could not be compared statistically because some historical
sites no tonger contatned suitable habitat and catch-per-unit effort could not be
standardized. The number of people collecting on a given day ranged from two to ten
historically and was usually four in 1998. Collection times ranged from thirty minutes to
two hours at each site for both historical and 1998 surveys. Qualitatively, 1998 SUFVEYS
yielded substantially fewer hellbenders than historical surveys. This apparent decli'ne

was consistent for all populations (Table 2).

TABLE 2: Total number of individuals captured

River 1970’s | 1980°s | 199(’s
Big Piney | - | 311 40
Gasconade o 379 33
Niangua 1225 125 52

The numbers of individuals captured per day also indicate decreases over time
(F1gs. 1, 2, and 3). Although this analysis controlled for difference in number of
sampling days, it does not control for possible differences in catch-per-effort. Therefore,

these data also are presented only for purpose of qualitative comparisons.

Size and Body Condition

Big Piney River

Forty individuals were captured in 1998; one had a legible brand from 1980 and

was deleted from the 1980 sample. The mean length of 1998 individuals was greater than

that of 511 historical individuals (Mann-Whitney U-test: W = 134111.0, p < 0.0001, Fig.

+1. The mean mass of the 1998 individuals was greater than that of 507 historical

10
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Fig 11: Comparison of size distributions of 1970's, 1980's and 1890's samples from

the Niangua River.

Bars show proportion of sample in each size class.
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H = 14548, p < 0.001, Fig. 10) and mass (Kruskal Wallis: H=103.07, p <0.001, F1g.

10). Non-parametric multi-comparisons tests (Zar, 1984) revealed that the 19707 s data
were significantly different from both the 1980°s and 1990°s data, but the 1980°s data did
not differ significantly from the 1990’s data set in either TL or mass analyses. Thtrefore,
| combined the 1980°s data and the 1990°s data as a “recent” data set for comparisons
with the historical data set. This combination made qualitative comparisons across rivers
easier. The size class distributions were not analyzed statistically for comparisons among
the three decades. Qualitatively, the size distribution of the 1970’s sample is normal.

while those of the 1980°s and 1990’s are skewed toward decreased numbers of small

arumals (Fig. 11).

I sampled 32 hellbenders in 1998; two had legible brands from 1972 and 19388.
The total number of recent hellbenders was 177. The mean length of recent individuals
was greater than that of 1225 historical individuals (Mann-Whitney U-test: W =
798610.5, p <0.0001, Fig. 12). The mean mass of 118 recent individuals also was
greater than the mean mass of 855 historical individuals (Mann-Whitney U-test: W =
387357.5, p <0.0001, Fig. 12). The size class distributions (recent vs. historical) were
significantly different with relatively fewer individuals in the smaller size classes
(Kolmogorov-Smirnov: D = 0.3275, p <0.0001, Fig. 13). Males were in worse condition

in recent vears than historically (Mann-Whitney U-test: W = 6956.0, p = 0.02, Fig. 14).
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ig 10: Comparison of mean total lengths and masses of hellbenders in the Niangua River from
samples taken in the 1970's, 1980's, and 1990's. 1970's data are from 1971, 1972, 1873,
and 1974. 1980's data are from 1979, 1980, 1986, 1888, and 1989. 1990's data are from

1990, 1991, 1992, 1993, 1994, 1997, and 1998. Bars show means =1 SE.
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DISCUSSION

Historical Versus Recent Densities

Timing of the apparent declines in hellbender numbers (late 1970°s to 19807s)
agrees with other reports of amphibian declines beginning in the 1970°s (Barinagél,’ 1990;
Blaustein and Wake, 1990). This trend must be interpreted cautiously as the sampling
days are not evenly distributed among years and the number of person-hours are not |
equal among days. However, the apparent declines in numbers are consistent in terms of
both total numbers captured and numbers of individuals captured per day. There 18 no
'single factor clearly responsible for the apparent declines. Habitat destruction, such as
damming, channeling and polluting of streams has been suggested as the most likely
factor (Nickerson and Mays, 1973; Smith and Minton, 1957; Williams et al., 1981). R.F.
Wilkinson (pers. comm.), who participated in both historical and 1998 censuses, noted
some reduction in suitable habitat. However, I also found several areas of “good” habitat

containing no hellbenders.

The apparent declines in numbers also could be explained by non-environmental
factors. One possibility is that the sampling technique may have been inefficient and
missed many individuals. Williams et al. (1981) found visual surveys and hand sampling
underestimated hellbender populations in riffles in Pennsylvania; they suggested that
electroshocking would be a less biased approach. However, I used the same techmque
that was used during the previous studies in these rivers (Nickerson and Mays, 1973;
Peterson et al., 1988: Taber et al., 1975), and at least one historical study (Taber et al.,

1975) did not use masks to aid visibility. So a bias in my sampling technique seems an
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unlikely source for the observed order of magnitude decline in numbers of captures. A

second possibility is that the apparent decline is the result of a habitat shift. Hellbenders
can make use of both sheet rock and ledge rock for cover (R. F. Wilkinson, pers. comm.).
[ could not sample potential areas of either cover type with the “rocleﬂipping”; technique.
Flellbenders also may be making more extensive use of deep pools and holes in mud
banks; | did not sample either in more than a cursory manner as they were believed to be
less preferrcd habitats (Fobes, 1995). Finally, the apparent declines may be an artifact of
sampling error. Observed fluctuations in number occurring n intervals shorter than the
mean generation time of the organism may not represent changes in the population
(Hairston and Wiley, 1993). Hellbenders are long-lived and I sampled individuals that
still bore brands 10 to 28 vears old. [t is possible that my study represents natural

population tluctuations (Pechmann et al., 1991).

Body Size

In all rivers hellbenders were larger (both longer and more massive) on average in
1998 than historically. This increase in average size 1s not due to an overall increase in
size; the longest 1998 individuals were similar 1n size to the longest historical mdividuals.
In the Niangua River, the largest 1998 individuals actually were smaller than the largest
historical individuals. The increase in average size appears to be due to the loss of one or
more of the smaller size classes. This shift in size distribution may be explained by
several hypotheses. First, there could be reduced recruitment in the rivers. Hellbenders
could be tailing to produce eggs or the eggs could be failing to hatch. Topping and

Ingersol (1981) tound that hellbenders have a large reproductive potential based on
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numbers of eges produced and deposited. and 1 caught numerous females in 1998 that

had swollen abdomens, presumably with eggs. However, Peterson el al. (1988) captured

only one larval hellbender and I captured none. Second, individuals may expernence
reduced survivorship at some critical size or stage {¢.g., larvae). Finally, a single
catastrophic event, such as the floods of 1993, could have killed one or more entire

cohorts resulting in lost size classes. Taber et al. (1 075) found a similar, less drastic shift
1 size distribution which was attributed to displacement of younger animals by a period
of high water flow; no loss of size classes were reported. In the Niangua River, this shift

in size distribution appears to have occurred in the late | 070’s, so it 1s unlikely that the

1993 flood is the single causative factor.

Body Condition

Body conditions changed over time, but the direction of the change was not
consistent. Male;; were in better condition in 1998 than historically in the Big Piney
River. but in worse condition in 1998 than historically 1n the Niangua River. There Was
no difference in body conditions between 1998 and hi storical samples for the Gasconade
River. but the low sample size reduced the statistical power to detect differences in the
sample. An improved average body condition could be explained by competitive release
with the apparent decline in numbers freeing up resources for the remaining individuals

(e.g., Hairston, 1980). The decline in body condition in the Niangua River could be the

additive result of increased human use of that FIVET.
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Human Influences

Humans could affect hellbender populations in several direct and indirect ways.
Nickerson and Mays (1973) noted that hellbenders are susceptible to gigging and found
many dead gigged specimens. (Gigging season overlaps the fall breeding season of”
hellbenders. The number of campgrounds and canoe rentals has increased along the
Niangua River (R. F. Wilkinson, pers. comm.), and heavy canoe traffic may take a toll on
hellbenders (Nickerson and Mays, 1973) either directly or indircctly. Some of the
hellbenders 1 captured had scars that may have been the result of a canoe hitting their
cover rocks. Pollution from increased numbers of campgrounds along the river could
have a negative impact, either directly by wastes harming the hellbenders or indirectly by
wastes affecting the water temperature or crayfish populations. Unfortunately, no water

chemistry/quality data are available from betore the campgrounds were developed.

More work is needed to better elucidate the status of hellbenders 1n Missouri and
(o determine causes of the observed population changes. Although the data in this study
span more than twenty years, they are short-term with respect to hellbender generation
times and the variation I observed could represent natural population cycles (Pechmann et
al.. 1991). My censuses were diurnal, and nocturnal collection would identify individuals
moving about during their active period. Nocturnal surveys also could allow animals that
nest in inaccessible locations to be observed. Recruitment studies need 1o be performed
to determine if hellbenders are successfully producing larvae. At least some females
appeared to be gravid. However, | stopped censuses before the fall breeding season to

avoid disturbing breeding activities, so I did not observe evidence ot viable eggs or
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larvae. Electroshocking for larvae may be a good method to explore this littie known

portion of their life cycle. Public education might greatly enhance the hellbenders’
status. For example. many fisherman “know” that hellbenders are poisonous and kil

individuals unfortunate enough to take their bait (Nickerson and Mays, 1973).
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